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(57)Abstract 

PROBLEM TO BE SOLVED: To suppress the 
introduction of defects by suppressing cracks generated 
by difference in the thermal expansion coefficients 
between a growing III-V comp. semiconductor layer and 
a substrate crystal, and a difference in grid constants. 
SOLUTION: Through the use of a substrate limiting a 
growing region 13 by a mask 14, the facet structure of a 
III-V comp. semiconductor film 15 is formed (b) by 
epitaxial growth, for growing (c) the facet structure to 
cover the mask 1 4. In addition, the facet structure is 
completely embedded (d). A III-V comp. semiconductor 
layer with a flat surface is finally formed (e). 




LEGAL STATUS 

[Date of request for examination] 1 3.03.1 998 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 



http://www1 .ipdl.jpo.gojp/PA1 /result/detail/main/wAAAa22580DA41 031 2971 PI .... 2003/05/1 9 



Searching PAJ 



2/2 ^— 



[Date of final disposal for application] 

[Patent number] 3139445 

[Date of registration] 1 5 ^ 2.2000 

[Number of appeal against examiner's decision 

of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C): 1998.2003 Japan Patent Office 



l.ipdl.jpo.gojp/PA1/result/detail/main/wAAAa22580DA410312971P1.... 2003/05/19 



(19) B:mmif ( J P) 02> §i it# ^ « (A) (Il)4$f»llB^^VH«^ 

#M^10 -312971 

(43)4«BB ^iaiO^(1998)llfl24B 

(51)Inta« «9flB# FI 

HOIL 21/205 HOIL 21/205 

C3 0B 29/40 C3 0B 29/40 D 

HOIL 33/00 HOIL 33/00 c 



iaai« * m^omi ol is h) 





»H¥10-e2760 


(71)taBA 


000004237 


<22)amB 


¥«10^(1998)3^13B 




3fGKffi«KSET B 7 # 1 ^ 


(32)fiBfeH 


«fH¥9-59076 
¥9(1997)3^138 


(72)«l»ff 




(33)«Bbl8£SB 


H* (JP) 


(72)«!H« 
(74)f^aA 


«^ 1^ 



(57) [gi^J 

[i^l ^S-rS I I I 3V^{fc^!^ii£^i$8i:S;K 
M*<0^3i«^S, *3<ttm^S^||HlJ;o Titles 

-7;^ ^ 1 4 ic i •? ^fgg«^ 1 3 ^mm L 

/cSS^fflV^T. :3it°^:^fi;'-^/U^StCj;>3 I I I-v 
(b) , -7^i5' 1 4^S5*-e7T-feS' hWit^lSitS 

-Its (c) . ^^{z^ yr±yhmmi:^±izmi^jl,t^ 
(d) o S«lfi<3{c3ps/j:^aB^^#i-S I I i-vmit-a- 

'^^i^^&m%:m^-r?> (e) o 




I I l-vmt^^^<D=>^yf^i^'^^ 

^!^^t^^^Mw^mm^£^ I I I - vK 

1 1 -vmit^m^Vfi^^7^~y hmm^Mf&i.ti:it 
hsm^^t. ^-r^^^mi$.<Di i i-vmit^m^ 

I»*«2l I I l-wmt-^^{^n=>^\^i'e^i^^ 
ft:^^¥««:$rfigg-r 5 t . mMS^JsltT-fiia I 

1 1 -^mt-^t^^{ifi:^^r±y hmm^mf&\.t£t^ 

SY!:$ttfc|g[iD(CHlj|s^XSSr«|9 is-r- i ^ifrnft 

^"mM^MtDrntz^m^^-r^ 1 1 1 -v;^^k^ 
i'unizj: 0 wm^titzfi^Mmm^wm-r?> r t 

^ttrm&t-t^n^mi. 2Xi^3^<Di i i-v 

T, mmyr'ty hmmcommi { i - 1 o i } mx-h 

T. h -7-( 7";fy|6j/j;< 11-20 >;^|6j*fcji< i - 

IfS*«7l B(llSS«tt, MgA l2 04 Si 
SS. ZnOSte, SiCS«. LiGa02 
Al2 03 S«<o^^-f^^*>lo;4>f>il^$t^.. husEi 

I I -Vi^b^il^ijMgfliJi, GaNK, I no a NIK. 
AlGaNI^. InN^. G a P|^, GaAsKc^VN-f 

2J^{S3X(i4fEttroi I I -VSfYt^>j£^f^<^gg5 

[f»*S8 1 HUIE I I I -wmt-^^m-G a S 



(2) 0-3 1 2 9 7 1 

2 

^<*-e*>oT, S^teSite^tOif^ftc^aSGaN, In 
GaN. :fcJ:D«Al GaN«9 V>/£< i:^,2o(;5«-;^ 

Ii33^li4|2«roi I I -y^^^^^!^^^^^^^ 
& 

ifs*« 9 ] III - vmit^^wt^=^-^m^ 
mmmm^£ ^mt t . m^wimmz^gM^:tm 

T-7r-fes/ hmiSi:mmL^£iitb^SLtz 1 I I -vm 

"mt^ff^^^tthizwm-^^i^untm^K ^(bizm 
hmmAmi^ii^^tixmi^i^ixtzi i i-vmit-tit^^ 

m^mi 01 1 1 1 -vMft^ij^ftct^^^is^ 
mmmmmm^i^^t. wi^m^miz^smm^: 

^T-^T-fey K«iS^?FML/jr;dSt>^5Lfc I I I - V 
20 ^k^^^^^idspg^-rSfdcSS^cD I I I -vmit^ 
ifeij^<$:c>^g i: 1 1 {Cfltne-^;^ tfi|sfSr«V ^. huIE I 

1 1 -^mit-^^im{^(Df^^\ci:K)wmy7^zy hm 
it^asstoiiSixTjfM^ixfc 1 1 1 - vmt^^mw 
t^m^^i I I -vmit^i^^mi^mx'^^x. mm 
1 1 I -'^m<t^^^i^mA.^:i^fj:< thmmm^. 

•5 I I I -VM{t^ife>|^<$:|^ 

ij mimm&mmiz^ mrn^Mmmizfj^^-t 
5 1 1 1 -vmt^¥!j^mf^tmcum\ h^^^tm 
30 ^^^jg^g^^coMfcttK^^rrs I I i-vmit 
^"mmtwm^ti. wmi r i -vs^ft-g-^i^^aif^c 
^^±iz-^^^mMzj:^f^^mmmiss.^tix^-t 
^^t-r?>mjkm9k^\.^im^miomm<oi 1 1 

1 2 ] G a N.^^e»^i:^^^.^^5g^gj 
*W£5«««®. fcSi'^ftBfrlSSteifciJl^fig^ixfcG 

'om^:mm^M^-ri>x.mt. mm^smmizG a nss 

^r^fifk-t-^ TM^^-r^ ^ i: i "T 5 G a N,^^Jt 

11**^1 31 »*^l 2^Ci5«$^^yhGaN^i|^^^: 

ieS«. •^^i5'tm*Bfe*-f-5XSi:^*i-5ri:^!|# 
[iS*^ 1 4 1 G a N^ijiaf^^ci: ^^^gf.^.|?<y^5|^^ 



^W^^-t^ r i: ^>m. t G a N^i}^<*:^ 
[if*« 1 5 I If ^5 1 4l5®<^mnEG a N^^ijs^ffi^ 

^ t ^^mit-r^G a Nm¥^«q^ 

1 6 1 1 2 5 V ^liff 1 3 <C|E«0 

G a N^it^^q^^^CO^I-^ «^GaN^#i##:M 

71 fS^^i 2(^iE«(7?GaN5^i<^<$:|g(75 
ff^^ifero^lC, mrlEG a N^^^*:MJ:(-G a N^^(* 

^'^(ommmm^mmrr^iLnt. sfriEG a n^^i^^^*: 

5r=tt- 5 r i: 5r#® t S G a N^^($M#|ito 

IfS*«l 8 J SirSEG a N5Si|^«:3g^{i, ^z^jv^y^ 
n«it$r^tf G a N^^f*:^3t*^-T-fc^ > t 

1 9 1 SiliEG a N^|gJfe3g^;45G a N5i^i{^«c 

2 0 ] mim 1 4 fcs (, Miw^j® 1 5 \zmm.o) 
G a N^^f^ci^irG a Nm^fm^<omsmm^i 
^^&tix\,^^-ti:m&t-t?>GaNm^immm ; 

a N^^^KiicG a NM^i^m^cDmmmmim 

^^tl. mrlEG a Nmmmmm/>-^<Mt£< t tHlJlES 
-^^^W3|sf;45^^$^^T^,^5ri:Sr#@t^:•t-5Ga 

[l»*«2 2 ] MI2G a N,^i|i>»«i^^(i^ ^^/W^t^ 
n«igSr^tf G a N^^f^^^m^X'h^ Z t 
<t-r5»*^2 0fc5l>«Wj}i^2 1 fe«(7)G a 

ia*«2 3 1 tfrlEG a N5^«^^^^;}SG a NJk^W 
I— -If T-fe5 r t irmLt-r^n^m 2 2f2«OG a N 

[»:*«2 4I f»*«l 2fcSVMiif*^i 3ia«03G 

a Nm^m»mcowm<Dmz^ wmG a Nj^ij^j^c^j; 

CIG a NJ^i^^^^^ff^^-rsxS^^fi-rS - i: 

Iit5|?^2 5 1 1 2 {::fE«WG a NJKii^l*:^© 

ffM<^m(C, Buf2G a N^ilsJ»(*:|^±{rG a N^iJ^ft: 
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[ff*^2 6 1 mrlEG a N^i{£^f|c^^,i, ^^yU^^ 
B«i§?r^tf G a N^it^^(c^5t^^T-$>5 ^ <!: 
t-r5l»*S2 4S>5l,MitS*«2 5f5i?0DG a N^iJi 

[»*«2 7 1 gtrlEG a N^|§3t5g^;j5G a N^i{^^<$: 
1^— l^'-CfcS r t t:^ti-m^m 2 6 fi5«(DG a N 

mriEG a N,^^^^:|^±|-G a Nm^i^m^im^^ 

2 9 ] 1 4 (C|S«(Dmrl2G a Nk^l^^♦: 

m±izGaNm^m{m^i,m^^iy.. wmcaNm^ 
rv^^'t ^^t-r^G a NM^mf^mf-o 

[W*«3 0l fiflEG a N^iH^^^Cig^ii, yyju^y^ 
i:-r5»*«2 8fc5V>{i|f*«2 9f5«(7)Ga Nm^ 

in^ms 1 ] rnmc a n^^^^^^sg a Nm^*^: 
i^-- !fT-fc5 ^t^^t-r^m^ms omm(DG a n 

[000 u 

^^^^f&ff^^p^ii^^mi^s^mmimmfiG a nss^}^ 

[0002] ^ f,(^G a ^Jk^wm^jsi.xy^^(r>mm:fj 
mcmu ^^^^<o'PfJ:\.^G an^wm±.\zM^^ 
tLfcG a njk^{m^^xM:<r>mm^mzmtz, 

[0003] 

ifi63i5<os$fifi 1 1 1 -vmit^^^i^fix\ m^tm 

<t:ifV<>A (GaN) ^m*i/i5 3. 4eVir;(c# 

10 0 0 4] r ro*t^sf ^ffl V V ^ ^f^-r-S 

L^f*5t>. GaN<Dx^fj:f^^Bxn. ^m(Dmmmi!)im 

T7'^V;^S:fm!-r5^(j:. ^JxJii^^r^'T (A 1 
2 03 ) S«/it'<DJ;p/j:^^^|gc, mB^.Wc^£i^ 



{0005] 

^y^:^m^2% (1 9 9 3) Ml 5 2 8-1 5 3 3Kj 
Qpn-J. Appl.Phys.Vol 32(1993) pp. 1528-153 
3) o rcoi^/i^^l^fi. 7-^>V^iLT<Z>tttgi65ffi 

1 0 0 0 6 1 * fc^^^S^^<Oa: yf9 =*^'>-^/U^ft{c 

^-frsr i:7)5^#5g3p8 - 6 4 7 9 1 ^■<m.\z.^m.^^x 

V^5„ t;!i^L#re¥8 - 6 4 7 9 1 S i 

O2 ^^>T-;?gfi;45g- e,/^v.^-^{^^g,.3pg^^^ 

< . * fcff I >IK^Srfig:^ ^ 7 ^ ;iS A < 
[0 0 0 8] $f>(c;$:^§gcDf|&(D@6<](i, ±m=^Yz'^^ 
[0 0 0 9] ^/t;*:|g|q«f|}iwB6<„4, ±iEaiif^:^-> 

GaNj^^i^m^ m^titGaNm^^mii^^^m^) 
[00 1 01 

^"♦^^^-^^S^feli, I I I -vmi\:^^{;^<D:r. 
JKfiKL;i*SP,^g^-fr^ PS-r5^ig:g®J^ro I I I-V 

[00 11] -^tz^mm(Di I I -vmt^!m^mp^<o 
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1 1 - vmit^^^mf^^ yy^-y hmi&^m^ Lf^i 

[0 0 12] ^bliZ:^mm<Ol I I -vmit-^^f^: 

f-^^^mMmm^ff^mzitmtr^i-^ 1 1 1 -vseft 

20 [0013] ^^m<D I I r -vmit-^ifio^t^mii 

->^^^tz-^:^^mt. mmmMmmx-yr-^yh 
Wit^-ffML/i^j^/^ggL/bi I 1 -vmit^^^i^ 
i'^mm-r^!^smm<Di 1 1 -vmit^m^i^fD^s 

TJ^^^iXfc I I I -v^ft^ifiij^^^^^ > ^ 

^mct-tio hWei I I -viSfk^^^^j: 

[0 0 14] i/t, ntm-^^^unjBi&mmm^mmiz 
w-rs 1 1 I -vmn:^^mmm^$iLXl-^~t 

[0015] *58e^OG a N^^«c|^ojgfifo^&(i, 
G a N5K^f*:i:ft^^|^.^5g^g^^s^^^5g^^ 

fifi-fSXgi:, BtrfHfigSMiK{cGaN^i<^4g^^S7r-fe 

IzWmyy^y ^«it^Sfeii^T-«ffi^5FSf|:f5X 
e?r*1-Sr<!:^#eatt-5o ifcGaN^^<*:Jg,o 

•^^i!'*ti|sfSrRfe*-rSXSt^^-r-5-i:^#m<t 
[00161 ^?^m<OG a N^^l^^^caSPigcDJg^;^ 



10 0 17] *|&B^©G a N,^i|^^*^^cD©ifc^)£ 
li, G a Nl^.^{^m<Dm^(Dmz^ MIEG a 

fltrlEG a N5^ij^«:|gJ:{-G a N^ij^f*:^^^?,^ 
^t-SXS t , StjfSG a N5Rij^<*:|g;i.e,,>;jc< 

lass, -^^^*^^E^^»*^5xsi:^^r-r5r<ts^# 

mir-rS. SfcHfrlEGaN^^ft^^^fi^ 
D«itSr#tf G a N^^(*:|65tl^^^T-&^ r t . $ 
{^Mf5G a N^|g3fe^^;S5G a N^^i^^^^*:^— if r-fcS 

[00181 ^mm^G a N,^i|^f^K(i. G a N=^^ 

mm. *>Sl.MiHtiiEatg±(cffM$ix^cGaN^i|^^|c 

ibf^M LtzG a N^^^^*:*Jgi^-t- «fie5ffi«c<?5G a 
t^mfSGaN^ij^*f:<D^S,c:J;»)BuiE7r-fe-> h«ig 

[0 0 19] ^^mcOG a N^ii^^aifitji^ 
COG a N^^^i^Mii'G a N3R^(^.^^roaS«ig 
imm^tlXV^^Zt^^t-tio *e,{CBiJf5GaN 

[00201 ^mm<DG a N^ij^f$:^^.{j:, g a N,^ 
^<^^I^±{ZG a N^^^«:^g:3l;jSJ^5^^^x^^5 - ^: 
^W&t^^, SfcStrlEG a N^^|^^)^J:(-G a N,^ 

[00 2 11 ^ ^(^HfrlEG a N,^i}^fj.^^,i, 
-7- p«it$r^tfG a N,^i}^^«:^^^^-c.ifo5 - ^ ^ 
tmt-r^. WliEGaN5RI&3t3g^;JJGaN^Kij^(*:i. 4C 

[00 2 2] 

10 0 2 3] (mi (ommmm) :^^m(Dm i <7)iiis 

OJg«8(Cou^T, I I I -V^<t^|jb,>j£^f^:(^:^t'i5':^ 
[00 24] ^t^iz. &^Umtti^«%:mz L ^-W 
^^^IS^?^!i«ic(7)fi37ti4K^;r-t-5 I I I - v^ 50 



^¥1 0-3 1 29 7 1 
8 

(±1 0nm;i^P,2/.mSST-fei9. fig:g^^i 3fcJ;OC 

mSSi: L;^ (lai (a) ) , 
10 0 2 51 IkiZ. ^SmmzML I I I -vm<t^!ti0 

10 ^'ftmmi::^i^'$'^^y^,i^m:<DSJtMizWX\^x. * 

mi^;«f^5ret?^L/£^sta«i i^^^ro^gia^^ 

T, ^:g««i 3 {CI II _vSlYl2^i)^>|£^^i 5^^ 

ft:#)5rffll.^5:Sftfe(tiij£|Cj:5^|a^g (VPE : Va 
por Phase Epitaxy ) xnt>rK II I mm^iz^ 

«^^m^-^mk^it^^n^^M (mocvd .- 

Metal Organic Vapor Phase Epitaxy) ^ffl^^Tt 

[0 0 2 6] II I -V^{b^i^i<^<4:i 5,^;^ i^j^g 
Pg-CJl^X^ 1 4±{C^S^, figSffiitl 3<D^Xf^ 

i^i 5iz\^7r±y hmmtms^^n,^^ ^<nt%0>i 

1 1 -vmit-^i^o^m 5<Dm.^iki^ay7±y hm 

J; 5 6 5 Ot:*»P, 1 l 0 Q-C^^SJa 

r r I tmm>m^\zn\.^i>>h 200000 

(b) ) „ 

» 10 0 2 71 $P>{r^t'^:^v^^,^^s;^^[-^5^ J 

1 1 -vmit^^^m^i 5\^y7±.y hmm<Dm\zn 
^xmm.tj::)j\^{zf^^tmt^tz)i). f^SL^mmnix-tj: < 

I i-VKft:^#ii}^«ci 5057r-fey 

(lai (c) ) , 

[0 0 2 8] *?>IC^f>5'#'>^yl.^S^igg,t^^^ 7 
T-fei/ hSig^SSfeiiSiX (01 (d) ) , *i^^f; 
fi. I i I - vS5<t:-g-i^iJiJ»^M i 

5Sr#5r<i:z55x-#5 (g) 1 (g) ) „ 

[0 0 2 9] ii^, S«±{C:^^S|gCJ?=f|!y^5[g^^^/j. 

^<^^^x'm^\.tMxmztht£o^\t. ^mt 

[0 0 3 0] *^©jg^i{cj:5^r&T-«, a«^S{c 

7-^-yh(ifS.S:m&t)m(Dmj:om^^tci6\zm^^ y 

T±'y h<ommzJir,m:A^y7±y hiZf^^^^xm 



[0 0 3 1 1 I I &[^ilsKc:S^ki^^^vx5^Y(.^ 

^ii^&lCj;6^;tB^^X-|±. I I I -vmt^l^^W 

[0 0 3 2] ^-^ij, 1 1 iimM\zmm^^m\.^^^ 

vmt^t^^i^ 1 5 Ofigg^rfi^fes - 1 s„ 
[003 3] (|g 2 «75*JgCD?^Jg) *|8|q<^^ 2 COjIlg 
I I I-V^b^if^(^cOnifi5'ij. 

[0 0 3 4] 05 (a) ~ (b) ■^X'\±mi<DmmcDm 
mnmi u) t^h u) tmmt£TMX'im\.x\.^^ 

WtLfc^fc:. M2 0-^x^^^,t (05 (c) ) 3C 
aftSrtroTV^S (05 (d) ) „ 

[0 0 3 5] m2(Dmmo>mmx(i. mi (a) 75.?, 

(e) 'Of^xS^r^»)ig-rri:{cit)jgfigL/tI I I 

[ 0 0 3 6 ] ^ 1 cD^jfiroff^ffife 5 1 -t^m 2 (om&nm 

fi!cS-f-5»^{^^T-fcip. A I2 O3 . Si. Si 
C. MgAla . LiGaOs . ZnoiroSte 40 
--W, GaN, GaAlN. InGaN. InN, Ga 
A s XJiG a P^O I I I -Wmt^^^^(DftSL^{c 

Mmx'^^^ 

[0 0 3 7] i^c01fo5i,Mi05T-ttSte(c:-e^7)2^<^ 

i^micmm^^^=tm^Lxmi (b) ~ (e) fcs 
^^40 5 (b) ~ (d) <r>^o±:^%:n^xhmmf£m 



[0038] ^ <biz:^mmmmx(i-^y^ ^ 1 4 1 lt 

[0039] (M 3 (Dmm<Dmm) mz[ ^mn<Dm 3 
nnmo>fm\z-^\, ^xmm-t^. m 3 (^mmmmi^. 
m 1 w^cDji^fiifcs V 2 (Dmrnmrnx-mm Ltz 

10 N^^t|:<Dfigfi{cfiJfflLGaN^ii^(*1^^jg^t-S 

[ 0 0 4 o ] ^ 3 (ommmmii. m 1 ©^jg^^gsfc 

5:G a N^ii^t*:jc?.Jffl Lfc fc©T-fo , *a-r^g0r 
[ 0 0 4 1 ] G a N^^^l^t ?IMg!g^|gc^ 

mt^^y h:^-y^>ifm=tm\^^xmm±<D^Mmm^ 

20 [0042] m:iJ^^mmzn\^C a N,^i|J4»(^<7)a.t° 

a) tmrt:** (HCl) 

(GaCl) i:Vm3|S|-{CTi-^=r (NHa ) 

^^m^.-i>mmnimm\z^i%ifQ^S: (vpe :vapo 

r Phase Epitaxy ) T'fcS W K^-T KV P Efe 
« (MO CVD: Metal Organic Vapor PhaseEpitax 

y) ^fflv^Se ^5?as(46 5 o-c^^pj 1 1 0 onxn 

2 0 0 0 0 o^^?r»m^^^|^J;^^„ 
[0 0 4 3] GaN^iii^«c^©^t°^':^'>^^u^s 

^ . ^:5ffi^±£0G a N»^j^^*:|^{c:(iS«<?5ffi^ 
[0 04 4] ^e^'dri.^/U^ft^i^ltst^ GaN,^ 

^m^yr^-y }'mm<Dm\cni.xmw.fii:^mz^^ 

5„ t\^xmm-r^fS.&mm(DG a N^.imf^(D:7r± 

Sir. G^N?^^^mmzJ:y)yr^^ymmt>m^tJ^,^ 
ti. m^mcii^ '^^^£mmi:m-ri>GaNm^^im 

[ 0 0 4 5 ] G a NHy</Uir^^0)i^ii^^fj.^^ 
ei£*<^G a N^il^«.<^ifef^^^x-f4SSi: LT-!^7r 
frSffi, S i C««^^fflVNT#fc;5.\ -tihcom^ 
JIG a N^R^jy^^^^i: (m^;^^^Jig5g^;j5g/j;^xi ^ 
5o wCDfc4^>GaN^4^ft:^D^t'^:^i,^^^^g^^ 
P i: . S« 1 0#ET-^^ LtM^^mc th^ioms: 



10 0 4 6] *m<7)j^^i::j:5a.f i?^v-^,u^S* 
10 0 4 71 \^1^^>^^XG&NW>^i^n^^^^^^y 

roo4 9i m3<omi&mmx'mhn^Ga 

?:^*-r5 r t X\ 'i^^BX^(0'pt£\, >G a N^iji^^l^ 
^«^M±(c:G a N.^ii^<4:*^^^f^^^ - ^ 

[ 0 0 5 0 1 S/cG a N^ij^i»^*c^^^SG a N^i|^^t: 

/cG a ^M'=mi^^^m^\z.ton^&^mm^(Dwmm 

[005 11 $ f,{^G a N5Rij^#<^^>t^^^;G a N,^ 
'*^*^-^<^»^«> GaN^it^ii^i^tr^E^j^ 

[0 0 5 21 m3(Dmi(r>mmciHi:^G^N^ 

^m^<ommmm±^ i ©nigojgjio^ f ^ =^-> « 
[0 0 5 31 m3<Dmm<omm(ommx'ii. GaN^.^ 

[0 0 5 41 ^ibiz^^mmmicm^^^-^p^i^tLx 
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cOf^flllctJItSG a N^^«®i: LTIiG a N, A 1 
G a N. I n G a N^j)5fc|f C,ix5;jSG a N;5S*tS^S 

[0 0 5 51 -^tzGam.^Wm^t\^X\X GaN 
ff^G a L E D^<?)G a N^^MStj:^^ 
3t*^Oftft.lC F E T^n B T i'OJ-r ^ W >^ Id t>Sffl "T 

[00561 (MA <Dmm(DBm) :^mm(om 4 ronig 

10 [0 0 5 71 m4«||:tecoff^S{i. GaN^i#^«Ji:||ft 

m<DaL f^:^->^yu^5^^j^ LTG a N^^i^mm 
S-/«gU ^e(-w<75GaN«^{4:S3^|cGaNiR 

[00 58] m4(Dmm<ommx'HG a N^^ii^f^i 

OG a N.^^f*:^^i: ^TG a N^^^^c^^t^^;^ 

[0 0 5 91 jii:**^, mmmmiz-^^i^^m^u 7 

3S«I^^^^^^Sc©S/<C^^;te*^)|s^±|CG a N^^t^**: 

[00 6 01 -^^^Rxis^mmmmmt ltja. m 1 
<nmmmm(Dm.m<Dx 5 i^^ss^cwg a nis^#: 

[006 11 ^(C^g«Sl§lc{C*f LG a Nl^^i^a^a^e 

^^^>^yi^!$.M=tn^, GaNj^imw<oii^sm(i. i 

I imWMiz:»f]}<^M. (Ga) (hc 1 ) w 

SJS^ifeT-fc51g<t;<fy -J^A (G a C 1 ) <t v^;|sf 
K) fCTV^=T (NH3 ) KVP 
E&;5W^L^^;45^ *«^Sfl:=^»^S^S& (MO VP 
E) 5rffl^,^T4,J;^v 

[ 0 0 6 2 1 G a Nm^i^(D:^li'^e^^^^,ui^^(t^ 

m 1 (^mmmmtmmiz^ g a Nm^m^iamm^ 

[0 0 6 31 ;cf^^:^->^,U^g^jgg(-^5^ GaN5S 

¥«mi:7r-k-> vm^(r>mzn\.xmm.fi::)5\^\z.jm 

5o LT^-r S^SfflJ^WG a n^.^^^ny^. 

ftSt. GaN,^^«:(dJ;t)7^^,^,.^Jg^.J^J^^ 
*«il-WfC|l, ¥S/i«®^W-r5GaN^if£^f^ 

[ 0 0 6 4 ] JJ:{CG a n^^Wm.^\ZG a N5^iii«^^ 
^3fe^-f-0^^«j§iJ:f^-f-^^ G a N^ijMgf^^f^ 
fig L^t^. G a N^it^^^;05ff^^ ^ *lfc««^MO C 

VD^gjc-fe^/hu ^^wius. ^y^m&. V/I I 

IJtT-, n^GaNg, nSA 1 G a N^' 7 y hS, n 
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mc a N±:tf^ KS. T> K-^I n G a Nt^^^m 
tT^ h'-y I n G a N|^Sg*»P>/j ^^jg^^p;^ 
mm^m. pSAlGaNS. pSGaN^tTtf^- KS. 
pSA 1 GaNil'^s' p^GaNziv^^ 

[00651 u—f-mm^m^ Lfcste^w^ 

5. ntai^^G a N5Si|^**:|^©c5. i-/j;i3t,G a 

10 0 6 61 m4(omm<mm{zj:io&^Tco^^7!)m^ 
r 0 0 6 7 1 m 1 ff>mm(Dmm<D:j^ ^^^^j^^^x- 

nhMzG a N^ij^«:(^f-G a N5^i{£^^*^«ig 
10 0 6 81 ^ ^(CG a N;fiii^<*:^^;jJG a N5R^ 

*f^iST-«ffi^G a ^^.^wm(Dum\zmm-^ 
^tf£< ^"f-^^^X'^mm^TMtimmtx^ ^ 

[0 0 6 91 SfcG a N.^^J^<^:|g3fe*zp^3G a N^^ 

[0 0 7 01 ^4<Dmi&a)mm\i±m(Dmfimcm 

[007 11 mK.ii. G a N^i#i»^Kc^;nfc=^d^->^ 

w^<ommhx% 

[00 7 21 ^h\ZGa N^.^mm^}^\-G a N^^^j^^ 

fcii^ G a N,^ii^fi:i^^^,-2;g^ -^>^ iJ' <!: G a N « 
**^*K»-a5Sr^*Lfc?^|^G a NSRij^tflr^^o 

[0 0 7 31 /£*5, G;iNJk^Wmfi^hmi&. "^^^ 
Srl^* LytfisJ^ISB^ Lfc;is, G a N^4^^M±fcffM 

^ixfcG a i^m^{^m^(Dm^^(D^m-imt-r,.n 
[0 0 7 41 ^hizy^^mmmizm\,-?,-^7^/tLx 
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(^ff^^lC*JltSGaNSij^«:|gtLT(lGaN. Al 
G a N« I n G a N^^Sfcif e>ix5^jG a NAS*^,fli^ 

[0 0 7 51 *:tGaN5Kil^«:|g^tUT«. GaN 
^i}^^ U— if j^G a L E D^WG a N^i^l^^ 
5t^^roflillC F eIt^H BTt£ if (TJT'y?^ ;^ |c fcjgffi pT 

[0 0 7 61 

[00 7 71 (^1 (o^csj) :^mm<Dmmnz'^\, > 
(0 0 0 1) ffi-y-^r-rr (A 1 2 o» ) ssi 

/imSS(D^(DGaNIKl 2 Srfee,*>C«?)?^ 
figLfcSteS:ffl|,>fc. rWG a Nl^l 2*E{CS i O2 

^>'^X'^:k^ 1 4 ir^gM^i 3f^5>gf L^c„ figft^ 
1^1 3*3j;Ot-^x^ 1 4(±, -tixm5ym*3j;D?2;u 
mW*i(^;^ Vy^^i^Xh^^ Vy^f:>5^\t< 1 l 
20 -2 0>;fy(6]i: Lfc ((01 (a) ) „ 

[00 781 Jtmmmx 3(c:fijcSt-5°GaNliIl 5(4, 
I I immmzU^)fjj^ (Ca) <i::S{bic^ (HCl) 
cOSX5^ifeT-fc€,:^{l::*ry i^J^ (G a CI ) <!: Vfitl^ 

fc-fey h L, im^%xiSLWMS. 1 0 0 ot:(^#fai- 

5o fife:gJg^*S^^LT*»e>, HC 1 gK»^2 0 c c/ 
fe^>T-et^L. NHagSii 0 0 0c c/fe5>T-5^^-S 
Sfit«&f5ri:T-, ^SMl^l 3(CGaNl^l 5» {l 

«> -10 1} mt-hti^yr^yvm^^^^^^t, (m 

1 (b) ) „ 2 

^m^. 1 4^mo^X'yr±y hmmi esrn 

m^^tz mi (c) ) , 

[0 0 7 91 ^^^^'>^^^I^S:^m-r?>^tlcX^y 

r±y hmm^^mtbii,;^ cmi (d) ) . mn^mzi^ 
5mm(^m^x2 oou mm&(D^iBfmm^^-r?>G 

^Nm^m^^^tc mi (e) > „ CaNl^lS^ff^ 

• [00801 ^1 '7)m«sjT-(4fiicg®l^^$,jRg-^^jg^ 
mmr^ d-ioi) mA^^fi?>yr±y 

[00811 *^egf^ i *3fi£gLfc^fB^PiaBfC^'<S 

y7±y b<Dtii^x\ m:)jj^izmfhti. ^n-^^ 
i^^ji^s^smi^mizm\ f^^sCDmzta^- 1 mi^t^ 
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[0 0 8 21 mmmmmizi-oxmi^^ntzGaNm 

1 5(zii^ -^yr-crmwii i t^'^-'^^^sm^^ 
SS*s#^^lC'>/j: < , iKf&^mi 1 0 « c m2 aST-fe 

[0 0 8 31 ^^ig^ijT-fiiczgrLTtG a N^(ij>jS(&755#^ 
(^:^/£<. ^<D±{::U— FET. ioiUtHBT/ii' 

[00841 ^f^l^f-^r-rrSffii i^jjF^^tcio 

T^±^2, -tX\ G a NIK 1 5 ^W&Um-t LTffll ^ 
[00851 ^1 (DmmmX'lt. O a NM<^^ n'^ 

'^m^mit^i^n^m.Mm (mocvd) ^m\^^xi,m 

*K Si ZnOmm. SiCSffi, LiGaOa 

*mhih?>, ^tlCAl2 03 S«ll±{CGaNIK 

[0 0 8 61 ^7t-vx^l4tL.TS i02 ^fflvvfc 

*'':itHzmibti^i,(DX'{if£<^ s i ^ro^f^ 

Ltzr\ -^^i^=km.)^i2^t^:zt<DX'^?>mx'^ti(tmm 

^£^mimhix^^ ^ ^(-^ h^-f 7°-Sr< 1 1 -2 0> 
:^l6]{^?F^^Lfc755. 7Ti^'yhi,mf&^titilt, -fit 
SacD;^f6]<i-i oo>-c-tJ:<, rtt?,c9;^(6];S.P, 

[0 0 8 71 *fcGaN<7)^fi5^:J^->^/u^5{;oV>T 
i6'<^c;5^ InGaN)^, A 1 G a NM. I n N|^. G 
a PI»fc'5VMd:Ga Aslg^a:t°^df->^yU^gLTt 

[00881 2 ^mm(Dm 2 O^JSesjtc 

^T. M 1 CD*lteU 1 1^ i: < 0 1 ?r#BB LXmrnT 4 

[0 0 8 91 ^2roiaig«SJT-|i, LT. (0 0 0 

1) ES i CS«1 1±(C1 Ai m^OMff (^A 1 o. . 

fc„ -WAlo. , Gao.9 N^12^ffi{^Si02 

1-1 00>^F(6ji:L.fc ( (lai (a) ) , so 
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[0 0 9 01 3ICfigS^5GaNai 5 li, 

I I I^ilsK^;!/!; r^A (Ga) ir^ft** (HCl ) 

<^SfS^feT-fcS:S<k;yy -^A (GaCl) tV^M. 

mzT^^^-T (NH3 ) K7>f K 

ic-fes' h L. ;*^#H^T-^5}ag 1 0 0 0'Clc#®-f- 
S. fiE:^ig«753^^LT*>ib, HC 1 gE»^2 0 c c/ 
^Tflt^L, NH3iig»2 0 0 0c c/fe^^T-55>S 
«tt?^5^i:-C, ^e««cl StCGaNlgl 5© {1 
10 -10 1} B5*»P>/j:57r-fey h«it*^g$-frfc (0 
1 (b) ) „ 

[009 11 ^ (C. 20 ^^FbIS^o^ 
^Mlt. ^^i^ 1 4^Sp^T'GaN(07r-fe5/ hSIit 
1 5^^]»^-frfc (lai (c) ) „ 

[00 921 ^ ^^^'^-TJV^&^mn^ ^t\Zi.^-7 

r^yVm&^mbib^ (01 (d) ) , m^\z\-t. 

5 ^ffi<^fi)cST- 2 0 0 M rt^mm.<nw-mi^m^^-r^ c 

aNlK?rffM^*fc (01 (e) ) „ GaNMlSrof^ 
figft, NH3 ;y;^S:«*&L/£;6S6^?a/'iT'f^iilL. ^ 

[0 0 9 31 m2<Dmmmzi:^xwm^ixtzGaNm 

1 SlClli, S i cmmi 1 i:0*S^^^|gc^?^^3S^ia;}S 

^tifz. LA-h. mm^M^n^tzG siN^izti. ^^rs 

1 0 0 9 4 1 :*:^fi»JT-fiJcft LtzG a Nl^ji^cSS/JS^^ 
l-iJ^^ce<, rwJilCU— tF, FET. fcit/HBT^feif 
Wi^SK^fcx^W ^«it^^ft-r5 r t X\ t'^ V 

[0 0 9 51 Sit, S iCStel l^^SF^^fciom 
*i-5rtT% GaNIKl 5?rS«*ti^t UTfflV^Sr 

[ O 0 9 6 1 M 2 WHlfeCBlT'tt, G a NJgO^ f ^ 
^/^fifeSf;:^^^ K^-r KVPE&^ffl^^TJi?figL/^:;iS, 
^m^it^^mi^t^ (MOCVD) $rfflt>TtlB] 

«/j^**s#f,n5o *fc**ifefi»jT'i±, s i cmmi 

1 5rfflU>/c:*5, S i Z nOS«, A 1 2 O3 S 

L i G a O2 SS. Mg A 1 2 Sffi^ 

i±izmm<DGaNmi 2 ^s^hA-cmmLtzAK m 
«i i-t(-ii:S-^;^i?^jg^LTfcj;i,^ 

[00 9 71 Sfc-^^^ 1 4iLTS i O2 
^T'fc i V \ - (Omm^iX'ii-^^ ^' 1 4 «3tiSr 1 0 ^ m 

WimmA^^htL^^ ^?>(;>^ f'7'r7°^< 1 - 1 0 0 

i:Sit©;^fSl<l-i 2 0>T-tJ;<. 
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[00981 Sfc^PjdS^i 1 iWl^t LTA 1 ffi^ 

T'J:<, ro^i UT^roffeClA 1 N. InGaN/iir' 

^=^i^^'/^^!!cg^^o^^Ta>'<fc^^ InGaNM, Al 
GaNI^< I nNM. Ga PMfcSV^JiGaAsM^^ 

s-rs 1 1 1 ~vmit^iz^m!\io<oimi^ri,mmf£ 
r 0 0 9 9 J (^3 (Dmmm *i§§^<om 3 wnje^ijfc 

1 0 1 0 0 J M 3 <^IIJife0iJT'l4. LT. (11 

DffiWMgAl^ O4 a«2 1^ffl^^fc„ -OSS 

>'-(•— tetr^^ s/ hJ^ .yf^^'^-e-^;;^^ 2 3 k^^Wii 
2 2(c5>giLfc, ^S««2 2, iSiat^;;-;^. 2 3{i, 

^h7^ ^*-|Sltt< 11-20 >;^(nj t Lit ( (m 
2 (a) ) , 

[0101] G a N^ro^igSfi, -^x i!' 2 3 ±iz^^^g 

ff>Gammm^mi-r^(DicmLtcy^^ k^i- kvp 

(Ga) tmft** (HCl) COS^S^ifeTfeSmt 
^V^M, (GaCl) VSU^JfSHcr^^^r (NH 
a ) ;^^€r>^V^5„ 

[0 10 2] SS2 1 ^^5$|g(r-fe.;, KL, * 

«;</'^5:tt^^L;^e;)sp, 1 0 0 ox:m[<omis.X'fmmL 

tz^. 5 0 0t:m®$-a:, HCljtfi^O. 5cc/ 
fe5>Ttt^L. NH3 fiSSl 0 0 0 c cyrn^XS^ 

mtmi^^ - t X\ ^B^BfigS^^ 2 3 (Ci^ 2 O n m<JD 
Sm<DGaNy<-y7Tm2 4^Jfmi-^ (0 2 

(b) ) , 

[0 10 3J -<D^^JiT% NH3 ;V>!.;^^?^L/j:;ise>l 
0 0 0'C(^#?at-5o ^«?SS;45^^LT*^P>. HCl 
«$r2 0c c/fe:»-T-^U NH3 l 5 0 0 

c c /fe^T- 5 ^SSeti^S r i: X\ I^Mmm 2 2(0 
GaNy<yyr-m24±iZC&N<0 {1-1 01) ^ 4 
*^^^£i>7 7±-y hmm2 S^^S^^tz (02 

(c) ) „ 

[0 104] :^f^r^,>^,p^g^i^,^ 
^^2 3€rS5*T-GaN|g2 SCDyy^y hmm^^^m 

if. mmmzit. 5 mmcDfU^x 200 u mmmco^m. 

^il5E5:*-r5GaN|g2 5^fM^-frfc (02 

(d) ) . GaNm2 5mm^. NH3 :>f^^mfi^ 

[ 0 1 0 5 ] ^ 3 (ommmizx-^xm^^tiitG a Nm » 
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2 5ia4. MgAl2 O. SS2 1 i:<^)^^^it^ 
rt*S{t^$iXfc„ L^i^t, ifWS^fTo^G a Nl^ 

[0106] **i6«»|T-^5 LfcG a N|g«^c|ife2)S|^^ 

(^'>'Jc<, ::ro±iru— «f. fet. ti^xfHBTfUf 
Wi^faS/^x><^ r i: x\ ^^<^ >^4# 

^2i^mmmizi:^x^-t^^tx. gsnm 

2 5 i:mmimt LT^V >5 r i: tT# 5„ 
[0 10 7] M3ro||ife^jT-(4. GaNlg£0^f^:^^-> 

*m&M{k^^SC+B^S& (MOCVD) *ffl^^Ttl^ 

W£i$i!k*mhinz, atzm^mxit. MgAia 

aS2 l5rffl^^fc*^ SiSS, ZnOSS, SiC 
SS. L i G a 02 Sffi, A 1 2 03 a«^^ffl^^T 
$P,|CMgAl2 O-i 2 1 
±.\^m.^^^^mi§.l,tztK S«2 l±(CGaN|g^ 

20 ht:>t>\:,mm\^xhi.\.\ 

[0 10 8] *fc-^^^14^LxS i02 ^ffltN^c 
;45wtL(C|5gf3ix5t(OT'(4/i<. S i Nx ^(K>m».{^ 

^m%h^^, ^^ifefismi, >^ h7^:f^< 11-2 

o>:^mizm^Ltzi>K yT±yhAm^^t\^(i^ r 

ix<!:Sii:©*-rSj<i-i oo>T-fcJ;<, 

[0 10 9] *fc*llig0ijT-(4S«±(ce£^s'5,7r« 

[0 110] $e,(C, mamX'it. GaU(D:^\^^iri^ 
^^i^J&AiZ-^\,^Xm^tz7!,K I nG a NK, A 1 G a N 
InNm. GaPR G & A sm^^^tf^^i^-^/U 

I - ymt^m\zr^mi<Dm^ lt t mm^m^iim ^ 
0 ns. 

[0111] 4 (D^fisj) :^^m(Dm 4 wnjgeyf^ 
o^^T. 13 3. ia4mB3LTifteq-r5, lasjia^e*) 

[0 112] *^Jg0iJT-|4, a«tLT (0 00 1) S 
•^Al^ 03 &m4 1±lZlummm(Dmm<DGaN 
K4 2 ?r*> LfciSAXS^rfflV ^7t, 

[0 1 1 3] -<OGaN|^4 2|gffi|;:S i O2 Ig^ff^ 

•^^^4 3 i^«®liE4 4{C$^Lfc„ ^5«i|E4 4 
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4 ,i mroa:S<^A*t (1^3 (a) ) , -mi'-3um 

(o-mm (133 (b) ) , )6xv^5umn(o^n^ 

(03 (c) ) «^>3SSt/J^5-^^>?^^it-ei^ffl^^ 

10 1 14] ffML;rcfi!cft«^4 4l'^*-r-5GaNI^ 
4 I I immm^hV ^^yi^:ffU^M. (TMG 

a) RV^hV^^^UT^U^z^f^j^ (TMAl) iVl^ 

MfcT>^=T (NH3 ) 

r 0 1 1 5 ] gl 4 3 Wfigft««Sr^^ L^-««Lttc 

L/£;4SP, 1 0 5 OX:a)}&MW^^U-r^^ S^^^^A^ 

•C^^^L. NH3 5ft45 0 0 0 c c/S:J>T- 1 O'^m 
C i T% 4 4 (CG a Nig4 5 05 { 1 

-10 1} ffid^e,;:c57T-fe3/ mm^i^m^^ft m 

4 (a) ) „ 

10 1 1 6] 3 0^>fflSS:iif^d^->^,u^g 

?r^ft, •^^i5'4 3^S^*T'GaN®4 507r-fes' 
H«ig^l^a$-frfc (134 (b) ) , 
10 117] ^li'^5'*■>^/^^S^^^t^-<^icJ:^)G 

aNg4 Sro^r-fey h«ig^a*!)iA^ (1114 
(c) ) , ft«Jl6<3{;fl, 1 2BfrBlOfig5x-l OOymg 
ff«^«/i^B$r*-r5G a N|^4 5 ^ffM^iirfc (m 
4 (d) ) „ 

[0118] 3 mmmm<D^&mmizwm l^cg a n 
1^4 5 (a. !&^mm<Dwmizx^-r^m.f£mmimtb 

i^:7r^TS«4l{c^!'7s/^^SAoT^^/J^^^-^ 
*3J:t/^tltro3i®S<tLfc;45, -^^^ 

l^'>^i<. rro_h{;iu— (f^ FET. *Dj;u:HBT/<et' 

#*rS]± §iir 5 r <!: t /j: 5„ 
[0 12 0] ^P>{ctJ-7r^'TS«4 1^W*^{rj;o 
m^-rs^ i:T% G a N|g4 5 SrS«*tl^i: LTffll^ 

[0 1 2 1 1 m4(DmmmX'tt. G a Nl^^oct-iS^^^v- 

*^^M{i;^#ja+B^5^ (MOCVD) ^ffl^^Tt,|^ 

^^■i^^rmhtl^, ^tzAlz 03 S«4 1;^^^^ 
SiSS, ZnOSS. SiCS«. LiGaO 

G a N1^4 2 5rfcf,;4>i:«)JgfigLfc;iS. ««4 1 ij^jg; 



[0 1 2 2] 4fc-^;^^4 3tLTSi02 

^XhJ:l\ 

[0 12 3] */iGaNroii:fc'^r^,>^,p^g,,^^,^ 
iifi-^fc;*?, InGaNK. A 1 G a N|g. I nN|^. G 
a P^$,5 1 >iaG a A s IMi^zn If ^ ^i^^^^U^igS LT 
l^^'ia^dS^eiXS, ^PjJC^g-rSl I I-Vgfft 

[0124] (^ 5 <Dmm!) :^^m(om 5 (ommmz 

[0 1 2 5] llCJi, 1 um(Dmm<DGaNm5 

2mm^tltz (0 0 0 1) ffiOf-^T^TSffiS l*r 

[0 12 6] r<^S«5 llftHlCS i 0:e m^MlA 

1 ro-v;^^ 5 3 1 rofig«M«5 4 {^^g|L/c, M 1 
(Ol$.Mmm 5 4 , *J iOt^ 1 c)-^;^ ^ 5 3 l±. -ttvm 

^*r6]fi. <i l-2 0>iLfc (US (a) ) „ 
20 10 12 7] mi<Di^^mi$i5 4lCf^g.M-r^mi<DGa 

NK 5 5 fa. iiso^jfecsj 1 1 mmiz i i i tmmz^ 

'J'P^ (Ga) i^fk** (HCl) (D^.^^X'ib 
^mt:^V^J^ (GaCl) tVtmM\ZT>=^:^T 
(NHs ) ;0'^$rfflV>5W K7^' KVPEife^ffltN 
1 $r^^^' Kw^SSIMtcir -^ hL. * 

^#H^TfiKSfflS 1 0 0 ot:{r^ia-r5„ e 5 orw 

f^;i>P,««5i?rNH3 ;«^;^#H^jc:-rs„ 

^^^S^LTTi^f,, HC 1 5^4^ 1 0 c c/Ws^xm^ 
U NH3 0g»4 0 0 0 c c /fe5>T- 6 0 
30 -C. mi<^)*lg«?ijT-|ft0J3Litiaii^> (a) t^h (e) (75 
^^^Ig^MT. m 1 5 3 ^fflfciiA/fcM 1 W 

GaNKS 55rffMt-^ (05 (b) ) „ ^ 1 ©G a N 

fK5 5*jF^fig^, NH3 ;y;^#fflSlT'^®ST'ftaL 

[0 1 2 8] GaNffi5 5±(cSUtS i 02 M 

5rfMU m2(DfigS^ljE5 6ir^2(^-^^i'5 7^ff^ 

Mm-t?fc!9, ;^ h y z^:^0i(t< i l-20>tLtz 
ms (c) ) „ rtD^siJif;:, sr/^ ^K^Hig 

40 &IX'^mi.tzmi<D (a) 7)>P> (e) W^:5XS^S 
T, ^2<;5-^^^5 7$rii*ii;t., *JJ:^15 0;zm(;5 
M2 WG a 5 8 ^^M^-^^mtLtzmm^mz 
(135 (d) ) „ 

[0 12 9] ^ALfc^2WGaN|g5 8C0^c|i(S^»fffi 

[ 0 1 3 0 ] ^ 5 (DmmmX'i-i:. C a N|^£D^ ti'^Jf-i^ 
50 ir/W^StC^.^- K7^' KVPEi£^fflu>Tff$^Ufc*5, 
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^^^fk^i^mffifigfis (MocvD) ^mi^rhm 

SiSffi, ZnOSS. Si CSS. LiGaO 
2 Sffi. MgAl2 S«^^^V>Ttl^«/j;5sb 
*/4S#e>ixSo $P>{CAl2 O3 SS5 1 JiClGa N 

[0 1 3 1] ^/c-^Xi^5 3tLTS i02 «rffl^^fc 
;55r^Xl^|5S^tt5t©T-|4/i<, SiNx mcDtmit^ 

^'=^r->-^/Ufig:g{Col,>Tili'<fc:*S. I n G a Nig. A 1 
GaNIg, InNK, G a P^fe5^^{iG a A s 1^-^^ 

fi£:g-f-5 1 1 1 -vmm-^ic^f^i^cDmMhxi.mm 

[0132] :^^m<0^mmmX'(iG a N^ro III- 

mmmti^ 1 1 1 -v^k^#,ij£^^^:<^5^5{;jg^pj 

[0133] (^6 O^lt^J) ;^c^?^cD^ 6 ©Hig^JI^ 

^=^v^ir/UfigS?rGaNfg(^^ft{CfflV\ ^^{cr»G 
a N|g±(CG a N.^^^ U— if ^8s{igf SXg^lfteg 

[0 1 3 4] |gl6(C^-f-SS6 liai. l,.mO|^(^ 
GaNig6 2;55jfM^^xfc (0 0 0 1) ®CDf-:7r^'T 

*fe6 l^ffl^^fc„ rtos^e i^Sfcs i 02 ig^ff^ 

-r— h^ij/^v^^Tlgl (O-^;^:}' 6 Si 1^1 
0^fim«6 4 iz^ Lfc„ m 1 O^iicSffi^ 6 4 . i 
Ufmiro^;^^6 3(4. ^n^tl5;zm, fcj;l52wm 
<^:^S7Y^:|^tL/c„ ;^h7^^^(6]|4. <ii-2 
0>;^[6j^>e, 1 0^jg{tT?P^/5)cLfc: (1116 (a) ) „ 
[ 0 1 3 5 ] M 1 cO^Mmme 4 (C^ft-r^^ i <?5°G a 

NiK6 5i4. ±m<Dmmmitmmizi i immmz^ 

V'>J. (G a ) tmU^m (HC 1 ) (DS;£;^i^T-fo < 

5m<b;</y^/-^ (Gaci) i:vm[Si|sf{cr>^=T 

(NH3 ) :»:K^m\,^^y^^ h'y-f h'VPE&^fflv> 

^?^m%X'f&^mm i o o o'xzizm^-t^o e 5 otco 

?g^>5^?>S«5 l^NH3;{fx#ffla(c:i-S„ l^^f^ 
A'^^mLXA^lb, HC 1 ijSa^4 0 c c/S^T-tt?^ 

NH3 iiSSi 0 0 0 c c i3J:of'>-7> 

(SiH. ) »Sio. 01 c c/S:}>T-l SO^P^ro 
fi£ST% m 1 ro^ig0iJT-|ftB^ Lfcia 1 W (a) 
( e ) ro^SXSSrST. ® 1 (7)^^ ^63 ^SfciiA. 51 
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2 0 0m mnm 1 COG a NK6 5 ^ffMi-^ (El 
5 (b) ) „ mi^GaNKe 5^ffM^. NH3 

aN]g6 5(4, nST\ 1 X 1 O •« c m-^j^icO:^^ y 

[0136] G a N^i^g^^ I— tf«itWf^|c 

II. =fim&«Yb^^4B^Sfit (MOVPE) ^ffl^^Tf^ 
SiLfCo G a N|g6 5 Srfl^^m, MOC VDSI{tlc-fe 

h L, *^#ii^Tfi!c5jg^ 1 O 5 0'ClC#iai-5„ 6 

10 5 ot:©iaSii^e,NH3 s i 

^IPLfcl wmWff^cOnSGaN^e 6, Si^j^JOL 
3t0. 4ymroff$CDn^A lo. ,5Gao.85Ni?7 J/ h 
S i $:^.SDLfcO. 1 /z m(7)if:$(75nMG a N 
3fc;y-<K«6 8. 2. 5 nm(Ojf:$OT>K-7'I n 
o. 2G a o. 8N»^^#Fg tSn m<Om^ff>T > K-^- I 

n^o. osG ao. ^sNmmmA^hf£^ 1 o^»!ro#a»^# 
;='«igett^6 9. -^t/^i^^^A (Mg) Sr?^J!n]L;t2 
0nni<Dff^<DpS{AIo.2Gao.aNg7 0, Mg^^ 
AOLfcO. 1 //m£0ff^C0pSJGaN5t;!fY KS7 1. 
20 Mg5r^v?;PL/tO. 4 /xm(7)l¥^(7)p^A 1 o. isG a 

^^pSGaNr.^^^ ha7 3^Jl«^^C?g^L^'-1f- 
«it?r{^Lyc„ P^(OGaN=i^^^^ hm7 3^mm 
i^tzmt. HN3 ;V^#K^T-^ig^-ej<^i|jL. ^ft 

SgJ:OSft)ffii- (06 (c) ) „ 2. 5nmWffS03 
T:^K-ri no.2Gao.8N*^#F^^:5ninroff$ 
'^^^ f^*-^ I no. osG a o. ssNI^^A^C^/j^S^SJ 
TF#/='«iegttS 6 9 (4. 7 8 0 X:(Di^X-mm Ltz. 
[0 13 71 mz^ !^•-«jt^ff^^Lfct^7rf T 

30 mm6i^mmmz±yhu i^^r-rrssei. g 

aNS62. Si02 -^^^6 3. tJj;o:GaN^6 
5cD5 0//mWSLTGaNM6 S^Stii^-frS, 
L/cGaN«6 5ffi(^(4. ^^5'^' (T i ) -T/U? (A 
1) (Dnmrnm? A^m^U pS<OGaNg7 3±fC 

(06 (d) ) „ 

[0 13 8] 06joi%i-i.-if«itx-<4. mmiznmm 

[0 13 9] Sfc. i^7r^T<^:GaN2R^^t^{^:<l:(4/g 
B^B<^)'-tggS;5Wi5fc«?). 'iS^^-^-7T-(Tmi±.\Z^ 

[0 14 0] r^i,|c*f-U **(fe0ijT-J4MS:5<:|5fe;jS'>;:c 
t>GaNS6 5?rJl<^«-rSri:;d5T'$5/c*!). ^-7 
T >r TSffi-^;^ ^ ^ilEf LT G a N 6 5 ±(C?F^ 
^LfcG a N^iji^«:ro U— tF^itJcfilJ^ii/^ < ^ ^ 
' fcGaN®6 5±roi— tf«it{4^^M{CJ:t)*Sli$ 
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10 14 11 *^0<JT-(1. G a N« 6 5 ±(C U— (f- 
«iS?g^LT?5>e,. ^yr^rmmB 1^ GaNK6 
2. S i 02 -^X^ 6 3^mmLtzA\ U— tF-«ig^ 
f^•t-SHfii::1^7r^TS«6 1, GaNm62. Si 

[0 1 4 2J *fc, 3j:||i6<3iiJ-cji. ■t^7rf TS«6 
1, GaN«6 2. S i O2 6 30^^. fc-J; 

o^G a N]^6 5<o— siJSriFiiLT, nm<Dmm^wmL 

[0 14 31 

ssrffii-rt-e. ^^-r?,! r I -vK^t^#,ij£^f^ji 

mm^i^m-r^ztr-x^^ ^<Dmt/>^mmmci^±-r 

mi] ^mmn 1 1 1 -vmit^^i^<Dmi^:^m 
^^mi-?>T.mw^mxh^, 

«±(C/>Y K7f KVPEffi^ffl^^T. G a N^^ffM 
[031 ^6^i^^fi?:3f->^yPfi)cS-r5fig:5^jgScoff^ 

[04] 0 3WAff^4^, H^lf^^. RV^^Vi(DiiS:^ 
[051 ^^m<D^&:^mi:2mm')MLXlf^^LtzG 
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[0 6 1 *lg§qrofigS:^j£S:ffli, L/cG a N|^± 

IrG a NSK^^*U-iP-#fit^^^-^5xS<D«EB&0 

[??-§-oiS?q] 

1 1 

1 2 s«{cji^^$ixfc I 1 1 -vmit^^i^m 
13 III -vmit^^t^tr^M^^^^Mmi^ 

1 4 

15 31 df- /u^^ 1 1 1 - vmit-^iiis^m 

16 III -^m\L^^^n-y-r^y S«it 

2 1 (0 0 0 1) ®o^•t^7T^'TSte 

22 G a 

2 3 -9';:^^ 

2 5 ^fiJ'^^S^i^^r/l'J^AUfcGaNJ^ 

3 1 (1 1 1) ®K>MgA I2 Ste 
3 2 1 w mroc a N^, */b{iA 1 G a 

3 2 

3 3 S«±{^^^LfcS i O2 

20 34 ^f^^>>-^yPfigSLfcGaNx>'5,7rg 

3 5 K^^- KVPEfe-e^SLfcG a Nl^ 

4 3 -v'X^ 

4 4 fiicSM^ 

5 1 (0 0 0 1) ffi(^i^:7T-rTaffi . 
5 3 ^lO-^;;^^ 

5 4 miO^ifeS^Jilc 

5 5 Bl<?5GaN^ 

5 6 ^2<r>^^)^ 

5 7 M2ro-v;:^^ 
30 5 8 |l205GaNS 

6 5 n^GaNI^ 
6 6 nS^GaNg 

6 7 n^A 1 o. isG ao.8sN^7 •;/ f-a 

6 8 n^GaNTfe:^/^' K» 

6 9 1 om^n^mMFi-w^m^>&m 

7 0 pSAlo.2Gao.8NM 
7 1 pSGaN3t:<f-r K€ 

7 2 pSAIo. ,BGao.85N^7y ha 

73 p^G a N^ri^^i? 

» 74 Ti-AlWnS^m 

7 5 N i-AucDp^fl;1g 
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